Background. Erythropoiesis-stimulating agents (ESAs) such as epoetin alfa and beta, and darbepoetin alfa have improved the management of anaemia secondary to chronic kidney disease. Numerous studies have reported a dose reduction when patients receiving dialysis were converted from epoetin to darbepoetin alfa using the starting dose conversion of 200:1 as indicated on the prescribing label by the European Medicines Agency. The objective of this meta-analysis was to summarize the existing body of scientific evidence to evaluate the potential dose savings when comparing epoetin alfa or beta to darbepoetin alfa. Method. Medline and EmBase were searched to identify all published trials investigating ESA treatment in anaemic patients receiving dialysis and converted from epoetins to darbepoetin alfa. We selected prospective randomized controlled, non-randomized and observational studies involving patients on dialysis that compared epoetin and darbepoetin alfa dosing. Results. Of 573 articles identified, 9 studies met the eligibility criteria and were included in our analysis. The overall percentage dose savings attained when dialysis patients were converted from epoetin to darbepoetin alfa was 30% (range: 4%-44%). Greater dose savings were noted with intravenous administration (33%) compared with subcutaneous (27%) and between switch-over studies (31%) and RCTs (27%). In all studies, target haemoglobin levels were maintained before and after conversion. Conclusion. This meta-analysis demonstrates that when using an initial 200:1 conversion ratio, as indicated on the European label, from epoetin to darbepoetin, a subsequent reduction in dose was observed and an average 30% dose savings could be achieved.
Introduction
Anaemia is a common consequence of chronic kidney disease (CKD) because of the inability of the kidney to produce enough erythropoietin to stimulate the production of red blood cells [1] . This deficiency results in lower haemoglobin (Hb) levels and oxygen availability [2] . Several studies have demonstrated that erythropoiesis (and subsequent increase in Hb levels) can be stimulated by administering recombinant erythropoiesis-stimulating agents (ESA) such as epoetin alfa, epoetin beta and darbepoetin alfa [3] [4] [5] .
Frequency of dosing, route of administration and treatment phase have been identified as important factors for the optimal management of anaemia. The first studies of ESA treatment in patients with CKD focused on intravenous therapy given three times weekly [6] . Subsequent data, however, indicated that ESAs given subcutaneously can achieve the same therapeutic targets with lower epoetin dosages in patients undergoing haemodialysis (HD) [7] . Blood levels of darbepoetin alfa remain above the minimum erythropoeisis-stimulating concentration about three times longer compared with equivalent doses of epoetin alfa and epoetin beta resulting in the same biological response achieved with ESAs administered over a shorter time interval [4, 8, 9] . Clinical studies have shown that target haemoglobin levels can also be maintained through subcutaneous administration of epoetin once weekly (QW) or once every 2 weeks (Q2W) [10] [11] [12] [13] . Currently, there is still much debate regarding the optimum route of administration and frequency of ESA dosing.
When switching patients receiving HD from epoetin alfa or beta to darbepoetin alfa, it has been reported in several studies that when using an initial conversion ratio of 200:1, target Hb values can be maintained and a dose saving can be achieved [14] [15] [16] [17] . The initial conversation ratio (200:1) follows the indication on the European label for the treatment of renal anaemia and achieves satisfactory Hb target 348 X. Bonafont et al. ranges for patients converting from epoetin alfa or beta to darbepoetin alfa [18] .
Extending the dosing schedule from QW to Q2W may save time for both healthcare professionals and patients and may reduce costs associated with anaemia treatment [19] [20] [21] [22] . The objectives of this meta-analysis were to evaluate the relative dose savings in patients undergoing dialysis and switched from epoetin alfa or beta to darbepoetin alfa using the European-recommended initial conversion ratio of 200:1, and to assess the dose savings by administration route and frequency of dose.
Methods

Literature search
The search for this analysis was carried out by an experienced librarian and in accordance with the principles of evidence-based medicine. A search strategy was developed to identify all published trials investigating ESA treatment in anaemic patients receiving dialysis searching Medline and EmBase from the time of their initiation (i.e. 1950 and 1980, respectively) through December 2007. Only peer-reviewed articles in English, French, German, Spanish, Italian and Portuguese were searched. The following search items were included: erythropoietin, erythropoiesis, haematopoietin, epoetin, darbepoetin (including all brand names of drugs of interest), darbepoetin alfa, kidney failure, chronic renal disease, end-stage renal disease (ESRD), renal or haemodialysis or peritoneal dialysis, drug doses and year of publication. A second search was also performed, using the same search terms, by a research associate to verify and confirm the results of the first search.
Selection of studies
Studies selected for inclusion were required to have compared the efficacy of epoetin alfa or beta and darbepoetin in a direct comparison (i.e. headto-head) or in a switch-over fashion, irrespective of duration of treatment. In addition, the studies were required to have only adult patient population (≥18 years); anaemic patients with ESRD/chronic renal disease; patients who were undergoing dialysis (haemodialysis or peritoneal); information regarding average patient doses of epoetin and darbepoetin (i.e. endpoints for the different treatment arms or baseline for a switched arm if the endpoint prior to switch was not available). No minimum period of dialysis was required. All included articles had to describe prospective, randomized controlled, non-randomized or observational studies. The studies could be open-label or blinded, parallel-group, single-arm switch-over or cross-over.
Studies excluded from assessment were those that did not report treatment type or route of administration, did not report epoetin dose or mean dose, or evaluated diseases or treatments other than those targeted. Furthermore, we excluded studies that reported doses as median or geometric mean. The exclusion criterion for the geometric mean dose was statistical in nature in that the arithmetic mean has an associated standard deviation (SD) that could be used for standard meta-analytic methods (see quantitative data synthesis section), whereas the geometric mean does not have an SD reported. Case reports, retrospective studies, letters to the editor, comments, abstracts and review papers were also excluded from the analysis.
Validity assessment
After completion of the search, the articles were assessed for suitability. Article selection and data extraction were performed by two independent reviewers. Reviewers initially read article abstracts and reserved potential candidates based on the inclusion criteria.
The full text of each selected article was assessed, and the exclusion criteria were applied. Selected articles were then compared between reviewers, and any areas of disagreement were resolved by a third reviewer who verified all extracted data. Data extracted from selected articles included year of publication, type of study, treatment and patient characteristics, treatment efficacy, safety and dosing information. To ensure the accuracy of the data extraction, the information was entered into a spreadsheet by one assessor and cross-checked by a second independent assessor.
Quality assessment
First, the overall suitability of the included studies was assessed by using an adapted version of the MOOSE checklist for quality assessment of meta-analyses. In itself, the MOOSE approach provides a template for reporting meta-analyses of numerous types of studies, including but not limited to those following a randomized controlled trial design. The relevant components of the MOOSE approach were applied in order to draw up an overall impression of the quality of the included trials.
The quality of the selected studies was assessed using the Downs and Black approach, a previously published validated method for assessing the quality of randomized controlled trials and observational studies [23] . This method consists of 27 items grouped into different categories: reporting (10 items) whether the published information allows a clear understanding of the study results; external validity (3 items) whether the results can be generalized to a wider population of interest; internal validity/bias and confounding (13 items) whether necessary steps have been taken to minimize bias; and power (1 item) whether the power statement is sufficient. The scores were expressed as percentages with higher values indicating higher study quality.
In addition, the Jüni approach was applied to further identify biases related to the internal and external validity of selected randomized clinical trials.
Quantitative data synthesis
The primary outcome of interest was the dose difference observed between epoetin alfa or beta and darbepoetin alfa at study completion for all articles included in the meta-analysis. Secondary outcomes for clinical efficacy of the targeted treatments included haemoglobin levels at baseline and study end.
To determine relative dose savings, the observed dose ratios of the drugs of interest at the endpoint of each study (i.e. after achieving targeted haemoglobin levels) were compared to the initial dose-converting ratios following the switch from epoetin to darbepoetin alfa. We calculated dose savings by applying a formula that takes into account the recommended dose conversion rate of 200:1 approved for use by the European Medicines Agency (EMEA):
The study results were then combined using standard meta-analysis techniques, with a weighting applied to each study based on the standard error of the treatment effect (a weighting that accounts for the variation in the treatment effect and the study size). Meta-analytic results of relative dose savings were also reported by type of study, route of administration and frequency of dose.
To calculate the mean dose saving for each study [with a respective 95% confidence interval (CI)], the variance of the ratio was obtained from Taylor's series expansion [24] . A 'pooled' mean ratio estimate (and 95% CI) was obtained using the standard meta-analytical approach for continuous data as noted above.
We also performed subgroup analysis according to baseline epoetin dose (darbepoetin alfa equivalent) and duration of treatment (darbepoetin alfa) using the same methodology as the overall analysis. Figure 1 shows the results of the search. Of the 573 items identified in the initial search, 141 articles were excluded due to duplicates and another 141 review articles were also removed from the selection. In total, 548 items were excluded based on the pre-defined exclusion criteria. Economic evaluations that did not meet eligibility criteria were excluded. Two additional articles were obtained separately through additional screening of bibliographies, as their indexing had not occurred in the databases at the time the initial search was performed. These articles were evaluated in addition to the list of 25 articles. Hence, a total of 27 articles were retrieved for full-text review based on the first round of assessment for inclusion and exclusion criteria. Eighteen articles were excluded in the final assessment round; the rationale for exclusion is listed in Figure 1 . Overall, nine studies were included for evaluation of primary and secondary outcomes [14] [15] [16] [17] 19, 22, [25] [26] [27] .
Results
Search results
Study characteristics
A total of 836 patients from eight countries were represented in the nine selected articles ( Table 1) . Eight of the nine selected articles were published in English; one article was published in Spanish and translated into English [26] . Of the nine studies, six were conducted in Europe, one was conducted in Australia, one in Saudi Arabia and one in North America. The majority of the selected studies (n = 7) used single-arm, switch-over study design (switching from epoetin to darbepoetin alfa), and two studies were randomized controlled trials.
There were a wide variety of study designs. The majority were characterized as open-label studies (n = 7) and single-centre studies (n = 6). The patients were stabilized on epoetin for various durations prior to receiving the study drug; none of the studies had a washout period before beginning darbepoetin treatment. The mean study duration was 28 weeks (range: 12-52 weeks). The route of administration was either intravenous or subcutaneous (sometimes varying in the same study). Target Hb level ranges varied from study to study (overall range: 90-130 g/L). Three studies compared the demographic characteristics of their study groups: the two randomized controlled trials found no significant demographic differences, whereas Molina et al. 2004 reported a heterogeneous study group population.
Six of the studies enrolled <100 patients (range: 25-51 patients) per study, and the remaining three studies contributed ∼75% (n = 623) of the total number of patients evaluated in this analysis (Table 1) . Both men and women were included in each study, and the mean age ranged from 50 to 69 years of age. Eight of the nine studies were conducted in the haemodialysis patient population and one study was conducted in the peritoneal dialysis patient population. Common aetiologies of chronic kidney disease were identified in the patient populations in seven of the nine studies: diabetes (range: 12%-33% of patients), glomerulonephritis (range: 6%-19%), and six of the nine studies reported hypertension (range: 12%-24%). One study did not report any disease states.
All studies compared epoetin alfa or beta with darbepoetin alfa. In eight of the nine studies, an initial 200:1 conversation ratio was used to convert the dose of epoetin alfa or beta to darbepoetin alfa. In the study that described the peritoneal dialysis patient population, the initial conversation ratio of 200:1 was not applied and conversion ratios varied according to the patient's haemoglobin level at the time of the switch from epoetin to darbepoetin alfa.
The mean overall study quality score was 75% when using the Downs and Black approach. The RCTs had the highest quality scores (93% and 82% for the double-blinded and non-blinded studies, respectively) although switch-over studies had a wide range of intermediate to high-quality scores (63-82%) ( Table 1 ). In the additional Jüni assessment of the RCTs, only one bias of note was found when assessing the internal and external validity of the study by Nissensson et al., i.e. an attrition bias was identified since the exclusion of 82 patients from the study was not clearly explained. As for the study by Tolman et al., a selection bias was identified, as the generation of allocation sequences was not described and there was no concealment of allocation sequences given that it was an open-label study.
Quantitative data synthesis
When the patients were converted from treatment with epoetin to darbepoetin alfa, we noted considerable dose savings per study and a substantial overall dose savings of 30% (95% CI: 26, 33) (Figure 2 ). Substantial dose savings ranging from 20% to 44% were observed in eight of the nine studies ( Figure 3) . We also observed similar dose savings in the same eight studies regardless of the length of the study. The one study that did not demonstrate the same dose savings (4%) as the other eight studies also did not use the initial conversation factor of 200:1 [26] .
Similar dose savings were observed in the RCTs (27%) compared with the switch-over studies (31%), although there were significantly fewer RCTs (n = 2) evaluated in this analysis (Table 2) . Larger dose savings were observed with intravenous to intravenous administration (33%) relative to subcutaneous to subcutaneous administration (27%). Furthermore, Q2W dosing resulted in a smaller percentage of dose savings (17%) compared with QW (27%) ( Table 2) .
Hb values during the epoetin treatment period were reported in all nine studies, whereas the Hb values during the a Baseline EPO refers to the dose at the point of switch from epoetin to darbepoetin alfa or in the case of randomized controlled trials, steady-state dose value at the end of the study. 2) * Analysis includes all studies (n = 9). RCT = randomized controlled trial; Switch = Switch-over study; SC = subcutaneous; Q2W = biweekly. a Analysis by route or frequency includes only selected studies with complete information and not mixed route of administration. b The subgroup describes the studies reporting IV to IV or SC to SC. darbepoetin treatment period were only reported in seven studies (Table 3) . Overall, Hb values were similar between the end of the epoetin phase and the end of the darbepoetin phase for each study. In addition, at the end of the darbepoetin evaluation period, Hb values were maintained within target range.
Discussion
This meta-analysis of nine clinical studies was the first to attempt to quantify dose savings when converting patients on dialysis (haemodialysis or peritoneal) from epoetin alfa or beta to darbepoetin alfa. Our findings show that when converting from epoetin to darbepoetin, dose savings are observed regardless of the type of study design, length of study time, route of administration or frequency of dose, in addition to the maintenance of target Hb levels over time after conversion. The comparative dose savings observed in this metaanalysis of prospective studies suggest that the administration of darbepoetin alfa to patients with CKD undergoing dialysis can potentially provide on average a 30% reduction in dose when using a starting dose conversion from 200 IU epoetin alfa or epoetin beta to 1 μg of darbepoetin alfa as stated on the European label.
As we expected, RCTs had higher quality scores compared to the switch-over studies when using the Downs and Black approach. The Jüni quality assessment approach confirmed minimal biases in the internal and external validities of the RCTs. Although there were only two RCTs selected for this meta-analysis, comparable dose savings were observed overall. The longest study duration (52 weeks) had 38% dose savings, and two studies with a 12-week study duration showed 21% and 44% dose savings, respectively, demonstrating that over a wide range of times, dose savings can be achieved relatively quickly and sustained over time.
The frequency of dosing is a critical aspect to determine dose savings, and in our study we found that the dose savings for QW was higher than those for Q2W (27% versus 17%, respectively); however, this result may be due to the limited number of qualifying studies in this analysis with a Q2W dosing scheme (n = 1) compared to the number of QW (n = 5). The finding of a 17% reduction in dose should not be discounted because this reduction may contribute to an overall cost savings.
Eight articles were in the haemodialysis patient population and used the initial conversion rule of 200:1; however, one article included a peritoneal dialysis patient population and the resulting dose savings were considerably lower than those observed in the other studies. This may be a result of the dialysis patient population studied where in clinical practice lower doses of epoetin were typically used for peritoneal dialysis compared to haemodialysis. Additionally, this study used a variety of conversion ratios at the time of switching the patients from epoetin to darbepoetin; hence, not all patients were converted at an initial 200:1 ratio.
One striking finding from this meta-analysis was that there appears to be no association between baseline epoetin dose and dose savings. This finding is contrary to other results found in the literature [14, 16] where high-dose savings could be observed when a high baseline epoetin dose was used before converting to darbepoetin alfa. Our results may have been due to the lack of granularity of the data (i.e. means from studies compared with individual patient level data) or the relative homogeneity of the mean doses of epoetin observed in the studies that were included in the meta-analysis.
We also found that dose savings were associated with the route of administration of epoetin. This analysis showed that although dose savings were achieved through subcutaneous administration, larger dose savings were observed in patients who received epoetin and darbepoetin via the intravenous route when compared with the subcutaneous route of administration. This could be due to the relatively larger doses of epoetin required with intravenous administration compared to subcutaneous, as reported by Kaufman et al. [28] . Although in this meta-analysis, dose savings were higher in haemodialysis patients when epoetin or darbepoetin alfa was administered intravenously, dose savings could also be expected when considering other published literature where there was no dose penalty observed for patients who were switched from subcutaneous to intravenous, intravenous to subcutaneous with darbepoetin alfa, or from epoetin alfa to darbepoetin alfa while maintaining haemoglobin levels [29, 30] . High-dose savings with intravenous administration coupled with no dose penalty may be one of the most significant benefits for patients, in addition to other potential cost savings.
Furthermore, these results confirm that target Hb levels are maintained when converting from epoetin alfa or beta to darbepoetin in patients receiving either peritoneal or haemodialysis. This observation suggests that if over time (the longest study evaluated in this meta-analysis was 52 weeks) target Hb levels can be achieved at lower doses of darbepoetin, then savings on drug costs are possible. Several European studies have demonstrated cost savings following the switch from epoetin alfa to darbepoetin alfa treatment [20, 22] . Our study confirms that a large part of the savings results from reduced drug expenditure.
Informed by the adapted MOOSE checklist, several limitations were identified in our review of the literature. Firstly, we combined studies that utilized different designs, followup times, patient populations, routes and frequency of administrations of the study drugs, target Hb level ranges and sample sizes. Secondly, none of the studies had epoetin washout periods prior to administrating darbepoetin. This limitation can be explained by the fact that the study population contained seriously ill patients for whom cessation of epoetin treatment would be contrary to the Declaration of Helsinki. Thirdly, we could not control for some residual confounding factors because many of the studies that were included in our meta-analysis were non-randomized studies.
In conclusion, our analysis has shown a consistent result in the reviewed studies underlining a significant dose savings using the initial conversion ratio of 200:1, as stated on the European label, when patients are switched from epoetin alfa or beta to darbepoetin. The dose savings occurs irrespective of the route of administration, dose and time of observation, and the implications of these findings are clinically relevant to healthcare providers and payers.
